Abstract-We propose a channel assignment scheme with access control for obtaining better system performance within the common packet channel (CPCH) access procedure of wideband code-division multiple-access (WCDMA) systems. The proposed scheme is analyzed taking multiple access interference into consideration and is compared with other schemes in 3rd Generation Partnership Project (3GPP): the basic scheme, the channel monitoring scheme, and the channel assignment scheme without access control. The results show that the proposed scheme provides high throughput, even under high-loading conditions, since the access control algorithm based on channel load prohibits excessive interference.
I. INTRODUCTION
C ODE-DIVISION multiple-access (CDMA) techniques have recently become popular in third-generation mobile communication systems. In the last few years, many researches have focused on the design of access control schemes [1] - [3] . However, they have considered only CDMA systems with random access channels (RACH's) or dedicated channels (DCH's). The wideband CDMA (WCDMA) system proposed by 3GPP (3rd Generation Partnership Project) involves the initiation of a new common packet channel (CPCH) which is uplink transport channel carrying small and medium-sized packets, such as short message services (SMS) and web requests [4] . The CPCH access procedure consists of an initial access phase (AP), a collision resolution phase, and a packet transmission phase, as shown in Fig. 1 . In the WCDMA system, Node B (similar to a base station) has codes mapped to each CPCH, different orthogonal complex signatures used for AP preambles, and collision detection (CD) preambles. The 3GPP adopted the basic (BA) scheme based on random access for the CPCH access procedure. In the BA scheme, a user equipment (UE) decides a CPCH code at an initial access phase by randomly selecting an AP signature from signatures which have an one-to-one mapping relationship with codes. a collision resolution phase, in which one UE is distinguished from the many UE's that have selected the same AP preamble. At this point, the UE receiving an ACK transmits a packet. However, the BA scheme results in an inefficient use of resources due to the random access. A channel monitoring (CM) scheme and a channel assignment (CA) scheme have been proposed to promote more efficient use of resources [4] . In the CM scheme, Node B broadcasts the CPCH status information. When a new packet arrives, the UE monitors the occupancy status of the CPCH codes and chooses one by randomly selecting an AP signature from the unoccupied CPCH codes. Uplink interference is thus reduced, since the number of unnecessary requests is prohibited. However, in practice, a CPCH status broadcast interval exists due to the UEs power consumption and the increment of downlink interference. This causes failure of the UE's channel selection at the initial access phase due to incorrect CPCH status information. Hence, the system throughput is dramatically degraded as the CPCH status broadcast period increases [5] . In the CA scheme, Node B assigns a CPCH code to the UE, which requests a CPCH according to the total occupancy of CPCH resources. In this way, the CA scheme maximizes the efficient use of resources, but has the problem that uplink interference increases excessively under high-loading conditions, since the number of unnecessary requests increases.
In this letter, we propose a channel assignment scheme with access control for the CPCH access procedure. The object of the proposed scheme is to guarantee high throughput even under high-loading conditions. The proposed scheme is analyzed considering multiple access interference and is compared with other schemes in 3GPP: the BA scheme, the CM scheme, and the CA scheme without access control.
II. SYSTEM MODEL AND ACCESS CONTROL ALGORITHM
For the 3GPP WCDMA system under consideration, we consider the uplink performance of the CPCH. We are assuming an 1089-7798/02$17.00 © 2002 IEEE environment in which a composite (i.e., new retransmission) packet arrival is Poisson, distributed with a rate of , and the packets have an exponentially distributed length with a mean value of seconds. Moreover, in the CPCH access procedure, we make the following assumptions: 1) both the AP preamble and the CD preamble are transmitted without contention and there is no error in the downlink; 2) all the CPCHs have the same transmission rate; and 3) the CA scheme is used in Node B.
In order to prohibit excessive interference under high-loading conditions, Node B controls the UE's access attempt, based on the estimated average offered load. For the period , Node B continuously observes the offered load of the CPCH and calculates the permission probability . Node B periodically broadcasts the permission probability to the UEs every . When a new packet arrives and the UE is idle, the UE checks the permission probability broadcasted from Node B at the next monitoring time. According to the monitored permission probability , the UE requests a CPCH code after a random delay between and with probability , or backs off the access attempt with probability . The estimated value of offered load at time , is obtained as follows: First, let and be the number of UEs that wish to acquire a CPCH and the number of UEs' access requests received at Node B during each respective time period . Then (1) where is the average permission probability during the time period . The estimated value of at time is expressed as (2) where is observation time period normalized by average packet duration .
To achieve maximum system throughput, the offered load must always be less than , which is the offered load giving the maximum system throughput in the CPCH system. Hence, the permission probability at time is derived as . This equation indicates that if the estimated offered load exceeds , then Node B controls the UE's request.
III. THROUGHPUT ANALYSIS
To transmit a packet successfully, an UE should achieve a CPCH code in the CPCH access procedure and avoid excessive multiple access interference that would cause an error. Hence, to ascertain the probability of packet success, we consider two factors: code assignment and packet transmission.
The CPCH access procedure in the CA scheme is modeled as the Markov process [6] . Therefore, a failure probability of that Node B cannot assign a CPCH code to an UE is given by , where is the effective offered load, given by . Here, is the average packet length and is the permission probability broadcasted from Node B.
We assume that packet error probability (PEP) depends only on the number of transmitted packets. That is, the value of PEP is 1 when the number of transmitted packets exceeds the system capacity . Otherwise, the PEP value is zero [3] . In the considered CPCH system, the probability that data packets and AP preamble packets are observed in the equilibrium state is given approximately by (3) where is the length of an AP preamble packet. Hence, the probability that errors in a transmitted packet occur is given by (4) Hence, the system throughput is given by , where is the offered load, given by . We define the normalized throughput and the normalized offered load as and , respectively.
IV. NUMERICAL AND SIMULATION RESULTS
We assume that the system capacity is 20, the average packet length is 0.1 s, and the AP preamble length is , where is an access slot time of 1.33 ms [4] . The normalized throughputs of the proposed scheme and the CA scheme are compared in Fig. 2 . The CA scheme without access control exhibits an ALOHA-like throughput versus the offered load. As the offered load increases, the increment of the AP preambles causes an error due to uplink interference. Therefore, under high-loading conditions, the throughput declines with the offered load. However, in the proposed scheme, Node B controls the access attempts of UE's when . Hence, the effective offered load is always less than . Therefore, the maximum throughput is maintained even under high-loading conditions.
Under high-loading conditions, most of the CPCH channels are occupied and multiple access interference due to the access attempts of the UE's increases. This interference rises further as the value of drops. On the contrary, if the number of CPCH channels decreases, the failure probability of the CPCH code assignment procedure will increase. That is, as the value of increases, increases and decreases when the threshold is constant. Hence, as shown in Fig. 2 , there is an optimum value of since there is a tradeoff between and . In this simulation environment, we think that the optimum value of is 19. Fig. 3 shows the effect of the parameters, the normalized observation period for estimating the offered load and the broadcast period for permission probability when and . In the simulations, Node B estimates the offered load by counting the number of user access requests received at Node B during . Hence, there may be an estimation error in the offered load. However, the results show that any estimation error in the offered load occurs rarely if is larger than 0.1. Also, we can see that performance is independent of the broadcast period of permission probability. This phenomenon contrasts with the effect of the CPCH broadcast period on the throughput in the CM scheme as shown in Fig. 4 . It is shown that throughput of the proposed scheme is robust regardless of the broadcast period , as well as the normalized observation time period if . Fig. 4 shows the simulation results on throughput performances of the CM, CA, and BA scheme when and . The CM scheme shows a constant value of throughput under high-loading conditions, while the CA scheme without access control and the BA scheme exhibit an ALOHA-like throughput versus the offered load. In the CM scheme, UE's request access only when they are monitoring an unoccupied CPCH code. Therefore, unnecessary requests are prohibited, and the CM scheme does not experience excessive multiple access interference. Hence, in the CM scheme, the incidence of errors in a received packet depends only on the size of the probability that an UE would fail to acquire a CPCH code. The failure probability in the CM scheme increases as the broadcast period of CPCH status information increases. When Node B periodically broadcasts the status information every , the throughput degrades by approximately 7.14% when ms, 16.24% when ms, 23.46% when ms, and 35.66% when s in case that . Hence, the CM scheme would not be a good solution for a long CPCH status broadcast interval. In Fig. 4 , we see that the proposed scheme is superior to the CM scheme if the CPCH broadcast period is larger than 20 ms. The results tell us that the CA scheme with access control is a better scheme than others, such as the BA scheme, the CA scheme without access control, and the CM scheme, since, in practice, a CPCH status broadcast period in the CM scheme would not be less than 20 ms due to downlink interference and the UE's power consumption.
V. CONCLUSION
We have proposed a channel assignment scheme with access control for a common packet channel access procedure. Under the -channel model, we evaluated the throughput performance of the CPCH system in the consideration of the failure probability in CPCH code assignments and the packet error probability due to excessive multiple access interference. The throughput of the channel assignment scheme without access control declines under high-loading conditions, but the proposed scheme maintains the maximum throughput even under high-loading conditions by using an access control algorithm. Access control is important since excessive access requests cause an increment of uplink interference, which leads to a negative effect on the dedicated channels, as well as on the common packet channels.
